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Introduction: Titan’s landscape is profoundly 

shaped by its atmosphere; comparable in magnitude 
perhaps with only the Earth amongst the worlds of the 
Solar System.  Like the Earth, climate dictates the in-
tensity and relative roles of fluvial and aeolian activity 
from place to place and over geologic time.  Thus Ti-
tan’s landscape is the record of climate change.  Hy-
potheses of Titan’s climatic evolution fall into three 
broad categories regulated by the role, sources, and 
availability of methane.  They are: Steady State, Pro-
gressive, and Cyclic. 

Hypotheses: Argument for Steady State gener-
ally flows from a philosophical Occam’s Razor that 
large natural systems (big satellites) are in (or near) 
equilibrium.  It is unlikely that they are being observed 
during “special times.”  The chemical makeup of Ti-
tan’s atmosphere is commonly cited as a chief reason 
to suspect endogenic activity at Titan, for two chief 
reasons.  First, the lifetime of Titan’s atmospheric 
methane against destruction by ultraviolet photolysis 
and high-energy charged particles in the upper atmos-
phere is only ~107-108 yr, arguing for a replenishment 
source such as volcanism or other forms of outgassing 
(e.g., [1]). In support of this notion, features seen on 
Titan have been interpreted as being cryovolcanic 
(e.g., [2, 3]).  Second, the Huygens Gas Chromato-
graph Mass Spectrometer (GCMS) measured radio-
genically produced 40Ar, the decay product of 40K, 
which argues for some degree of communication be-
tween a rocky deep interior and the atmosphere, per-
haps by ongoing outgassing via cryovolcanism [4, 5]. 
Lunine and Atreya [1] review and support models (e.g., 
[6-8])  for Ttian’s interior and evolution specifying that 
the methane cycle has been a persistent feature of the 
history of Titan over the age of the solar system. 
Lunine and Atreya [1] also note that these models al-
low the possibility of long periods in which volcanism 
was absent so that Titan’s surface–atmospheric meth-
ane was fully consumed, temporarily. This would have 
led to a nearly pure but somewhat thinner nitrogen 
atmosphere. 

Progressive hypotheses have been suggested 
for supplying Titan’s methane-rich atmosphere that do 
not rely on cryovolcanic replenishment. McKay et al. 
[9] considered that the warming sun may have been 
key to generating Titan’s atmosphere over time.  They 
hypothesize that Titan experienced a Triton-like phase 
3 Gyr ago, where Titan’s surface may have been cov-

ered by methane and possibly nitrogen ices.  The sur-
face would have gradually warmed as the solar lumi-
nosity increased, releasing methane into the atmos-
phere. Lorenz et al. [10] concur that nitrogen may have 
been collapsed out of Titan’s atmosphere in the past 
due to the faint young sun, and/or because ancient 
methane was photochemically destroyed at a rate faster 
than it could be supplied to the atmosphere.  Gradual 
increase in solar luminosity and irradiation-induced 
lowering of the surface albedo may have released the 
frozen volatiles to the atmosphere over time. Moore 
and Pappalardo [11] argued that there have been no 
conclusively identified volcanic features seen on Titan, 
consistent with these theories.  A simple Progressive 
scenario would be that Titan was Triton-like until re-
cent geologic time when solar warming (perhaps abet-
ted by a large impact event) rapidly created a thick 
atmosphere initially with much more methane than at 
present, resulting in global fluvial erosion that has over 
time retreated towards the poles with the removal of 
methane from the atmosphere (e.g., [12,13]). Moore 
and Howard [14] proposed that Hotei and Tui Re-
geones are sites of sub-equatorial paleo-lakes and sug-
gested the loss of low-latitude lakes was due to irre-
versible loss of methane available for precipitation. 
Moore and Nimmo [15] noted that the late addition of a 
thick atmosphere would have substantially reduced the 
equator-to-pole temperature variation, thus causing (if 
Titan’s shell is conductive) the equatorial region to rise 
and undergo extension while the polar regions would 
sink and be compressed. 

The cyclic hypothesis has been advanced by Ahar-
onsen et al. [16] who noted the large asymmetry in the 
distribution of filled lakes between the two polar re-
gions (the arctic having much more of its area covered 
by standing lakes).  They proposed, in addition to an-
nual seasonal (1 Saturn year or 29.5 Earth years) 
changes to lake levels between the poles (e.g., [17]), 
that this gross asymmetry was being imposed princi-
pally by the ~45 kyr eccentricity period of Saturn’s 
orbit around the sun.  They suggested that consequent 
hemispheric difference in the balance between evapo-
ration and precipitation could lead to an accumulation 
of lakes in one hemisphere (in the current epoch, the 
north).  This northern accumulation may be modulated 
by and reversed with the slow change in hemispheric 
position of the summer solstice with respect to perihe-
lion. Aharonsen et al. [16] propose that much like the 
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Earth’s glacial cycles, Titan has a “hydrologic” cycle 
with a period of tens of thousands of years and leads to 
active geologic surface modification in the high lati-
tudes.  In this scenario, southern lakes are currently 
being progressively dried out, infilled and resurfaced.  
This resurfacing will be reversed and transferred to the 
north in a few kyr. Aharonsen et al. [16] note the ap-
parent absence of impact craters at high latitudes is 
consistent with this hypothesis 
Geological Observations: Preliminary mapping of 
putative basement rock, as manifested by bright, 
rough, ridges, scarps, crenulated blocks, or aligned 
massifs, indicates that it mostly appears within 30° of 
the equator.  Hence we deduce that most currently ex-
posed basement erosion is located in the equatorial 
region.  Equatorial ancient Uplands regions on Titan 
exhibit pronounced “banding” or “crinkling” inter-
preted to be ridge and valley patterns of fluvially-
dissected basement topography.  Smooth, dark areas 
within these uplands units are interpreted to be local 
sedimentary deposits, often apparently in old craters 
(Fig. 1). Low mid-latitudes exhibit regions containing 
obvious concentrations of circular features that may be 
radar bright or radar dark.  We provisionally interpret 
these circular features to be highly-degraded impact 
craters and the regions themselves as cratered terrains 
that have been heavily degraded and partially sediment 
covered.  High mid-latitude regions on Titan exhibit 
dissected sedimentary plains (Fig. 2) at a number of 
localities.  Much of the high mid latitudes are other-
wise relatively featureless, consistent with these lati-
tude belts being dominated by plains-forming sedi-
ment.  The polar regions are mainly dominated by de-
posits of fluvial and lacustrine sediment. Polar com-
pression may have formed the isolated massifs seen 
there, akin to isolated mountains thought to form in 
compression on Io [18, 19]. 

The types of terrains seen on Titan may be difficult 
to reconcile with a simple steady-state scenario.  For 
Titan to have still-recognizable cratered terrains and 
ongoing fluvial activity could imply one or more of at 
least three possible explanations: (1) alkane fluvial 
erosion on Titan is extremely inefficient relative to that 
by water on the Earth and Mars; (2) fluvial erosion 
very rarely (or briefly) occurs on some regions on Ti-
tan; and/or (3) it has started raining on Titan only in 
geologically recent times.   We are currently investi-
gating which climate scenarios (or components of 
these scenarios), best fit the suite of landforms found 
within given regions, and as well might explain the 
latitudinal arrangement of regions across the face of 
the satellite. 
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Fig 1. Equatorial region consisting of radar-bright uplands 
(“bright terrain”) with darker lowlands containing fine-
grained alluvial sediment.  Red arrows point to examples of 
bright-floored fluvial valleys.  Portions of the uplands exhibit-
ing resolvable parallel banding (green #) are hypothesized to 
be dissected mountainous uplands.  Some parts of the uplands 
exhibit broad, darker bands between narrower bright linea-
tions (yellow *).  These may represent strongly dissected 
plateaus or very coarse crenulated terrain. This region also 
exhibits a number of possible degraded craters (blue arrows). 

Fig 2. Mid-latitudes dissected plateau region.  The dissection 
is interpreted to be fluvial due to dendritic valleys draining to 
the right.  The figure contains two broad radar-dark surfaces.  
The undissected surface to the left might represent alluvial 
plains or an undissected part of the plateau bordering it to the 
right (or both).  The relatively smooth radar-dark alluvial 
lowlands is crossed by several broad, sinuous valleys (arrow). 
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